Background/Objectives: There is little research on the demographic characteristics and morbidity of people categorized as 'underweight' from their body mass index (BMI) although they have often been shown to have greater mortality. This uncertainty makes it difficult to determine whether to include or exclude these individuals when estimating the health and mortality impacts of BMI. This project compares the demographic characteristics and morbidity patterns of the underweight with those of acceptable weight and the overweight. Subjects/Methods: Data on 10 243 community-living residents from the Health Survey for England (2003) were used. Logistic regression models were constructed to compare demographic, biochemical and anthropometric factors in the underweight (BMIo18.5) with those classified as acceptable weight (BMI 18.5-24.9) or overweight (BMI 25.0-29.9). Results: Univariate analyses found, when compared with other BMI categories, underweight individuals were significantly younger, more likely to smoke, alcohol abstainers, inactive, poorer and were less likely to be ethnically white (all Po0.001). U-shaped relationships between BMI and activities of daily living, respiratory disease, physical activity and mental health variables were seen. In multivariate analysis, the fewest number of significant differences in demographic and morbidity factors were between the underweight and those of acceptable weight. Conclusions: We recognize that these are cross-sectional data and exclude individuals in institutional settings, but these findings are important. Overall, we could not conclude that the underweight were less healthy than individuals in the other BMI categories. We cannot therefore recommend that the underweight should be excluded from analyses that examine the effects of obesity on mortality.
Introduction
Considerable attention has recently been given to rising levels of obesity in Britain. By 2050, it is estimated that the cost to the UK will be over d49 billion a year, almost half of the current NHS budget (Foresight Programme, 2007) . Figures like these are derived from studies that compare those whose body mass index (BMI) places them in the 'overweight' or 'obese' (BMI X30) categories with those whose BMI is o25. But those whose BMI is o25 include people with both 'acceptable' weight and those who are classified as 'underweight' (BMI o18.5). A recent paper in JAMA created considerable furore when it concluded that those who were underweight or obese were at greater risk of mortality than those of acceptable weight or those who were overweight (Flegel et al., 2005) . Critics of that paper claimed that people in the underweight category may have underlying chronic disease, be smokers, or simply that the overweight might lead a healthier active lifestyle and have a greater muscle mass. We reviewed the literature on the 'underweight' and found that there is a dearth of research on the demographic characteristics and morbidity patterns of people in the underweight category, except in the context of eating disorders.
It is well established that BMI has a U-or J-shaped associations with mortality (Hjartaker et al., 2005; Gu et al., 2006) that appears to be a longstanding relationship, as it was observed among the US Union Army Veterans first examined at the turn of the 20th century (Linares and Su, 2005) . The usual explanation that is offered for the increased risk for the underweight is that they have undiagnosed disease although we found little research that confirmed this assumption. What has been shown is that many health risks for cardiovascular disease also have a non-linear association such that the more unhealthy behaviour has a greater prevalence in those who are underweight and those who are obese: for example, smoking (Groessl et al., 2004; Ali and Lindstrom, 2005) , alcohol consumption (Jonsson et al., 2002; Ali and Lindstrom, 2005; Gu et al., 2006) and limited engagement in exercise (Jonsson et al., 2002; Kaplan et al., 2003; Groessl et al., 2004; Ali and Lindstrom, 2005; Gu et al., 2006) . These non-linear relationships also extend to social risk factors such that the underweight, like the obese are more likely to be unmarried (Jonsson et al., 2002; Groessl et al., 2004) or unemployed (Ali and Lindstrom, 2005) , although some researchers have found a linear relationship with education (Ali and Lindstrom, 2005; Hjartaker et al., 2005) or socioeconomic index (Jonsson et al., 2002) . But interestingly, hypertension is lowest in the underweight group (Jonsson et al., 2002; Gu et al., 2006; LaCousiere et al., 2006) and the mean levels increase with each increasing BMI level. Unfortunately, we have not been able to identify any studies that have examined a wider array of physiological disease markers across all the BMI categories. Outside of cardiovascular disease, other health indicators also have a J-or U-shaped association with BMI, namely: depression (Kress et al., 2006; LaCousiere et al., 2006) , disability and arthritis (Okoro et al., 2004) and self-reported health (Jonsson et al., 2002; Heo et al., 2003; Groessl et al., 2004; Ali and Lindstrom, 2005) . Self-reported health status has been shown to have a significant contribution from mental health (Kelly, 2003) , suggesting that some of the increased mortality for the underweight may be due to mental health problems, but we were not able to identify, from our review of literature, any potential mechanisms for this identified association.
Our literature review and the pattern of mortality suggest that people who are underweight will be as likely to have risk factors for disease as those in the overweight BMI category. The objective of this study is to describe the demographic characteristics and the morbidity patterns of the underweight population (BMIo18.5) living in private households in England.
We hypothesize that, compared with those of acceptable weight, the underweight will have a greater prevalence of: demographic characteristics and health-adverse behaviours that are associated with increased risk of morbidity diagnosed disease or abnormal biochemical disease markers We also hypothesize that the underweight will have similar demographic characteristics and morbidity patterns to those classified as overweight.
Methods
The (UK National Statistics, 2003) and social class using the Register General's standard class by occupation of head of household. The social class variable was reduced to three categories by combining classes I and II (high social class) and classes IV and V (low social class).
Smoking status and daily cigarette consumption was combined to produce a ranked variable: 'never smoked', 'ex-smoker', 'o10/day', '10-20/day' and '20 þ /day'. Alcohol consumption was categorized using the criteria from Bondy et al. (1999) , into 'low', 'sensible', 'excessive', 'binge' and 'abstainer' but the only alcohol consumption category that differed between the BMI categories was 'abstainer'; therefore, further analysis was conducted with a variable that simply indicated abstainer status. Measures of physical activity around the home, at work and in sport were categorized into three ordered categories and analysed as both individual variables and also summed to create an overall physical activity score (range 4-12).
Respondents were asked to describe their social support as 'no lack', 'some' or 'severe lack'. There were two crude measures of mental health, respondents: (1) were asked if they were anxious or depressed in the previous 2 weeks and, (2) completed the General Health Questionnaire (GHQ-12; Golderberg and Williams, 1988) , which is a measure of nonpsychotic psychiatric morbidity and the score was categorized as '0-2' (low) and '3 þ ' (high).
Respondents reported any acute illness in the previous 2 weeks and were asked whether it required them to cut back their activities. On the day they completed the questionnaire, they were asked whether they had mobility problems that confined them to bed, problems with self-care, were unable to perform their usual activities, or if they had moderate or extreme pain and discomfort. The categories can be seen in Table 1 .
To determine whether respondents had long-term health complaints, they were asked whether they had a Associations of morbidity in the underweight SJ Kelly et al longstanding illness. A positive response to the last question then prompted a request for information about all illnesses and whether these were limiting. Any illnesses were recorded and categorized into 13 categories (see Table 1 ). Respondents were also asked about any medications prescribed by a physician. These were matched with their British National Formulary number and then categorized into the categories in Table 1 . A nurse measured their height and weight, waist and hip girths. Blood samples were collected and analysed for blood lipids, fibrinogen, haemoglobin A1c and C-reactive protein.
More detail about the collection protocols is available elsewhere (UK National Statistics, 2003) . To allow for their use in logistic regression analysis, the values for haemoglobin A1c and C-reactive protein were rescaled by multiplying them by 10 and waist-hip ratio (WHR) was multiplied by 100.
The biochemical/physical markers were categorized to identify pathological state; for example, people with hypertension were identified and cross-classified with their self-reported treatment status. To ensure that all cases of disease were identified, we created aggregate measures of disease based on the participants either self-reports of disease, having physical measures consistent with the disease, or reporting that they took medication for the disease. More details are included in the footer for Table 1b . Aggregate measures were created for cardiovascular disease, skin conditions, diabetes, hypertension (also included in cardiovascular disease) and arthritis.
Because of the large number of factors of interest, univariate logistic regression analysis was used to screen factors by comparing the prevalence of factors for pair-wise comparisons of the underweight participants vs the other BMI categories. Typically, this screening process uses a cutoff of o0.1; however, to allow for multiple comparisons using the Bonferroni correction, a cutoff of o0.05 was used. Multivariate logistic regression models were then constructed and augmented using the factors that differed significantly between the BMI categories identified from the univariate analyses until a saturated model was achieved that included only significant factors (Po0.05). Results are presented as odds ratios (ORs) estimated with robust standard errors, and 95% confidence intervals (CIs). Two separate logistic regression models were built to compare the underweight to each of the other BMI categories, as this did not restrict each analysis to the inclusion of variables that were only important in one of the comparisons. The small number of participants reporting teeth/mouth problems prohibited the inclusion of this variable in the final multivariate models. Thus, the final models show which factors are significantly different between those study participants who are underweight and those of acceptable weight, or the overweight. The survey data did not account for factors, which would have allowed the analysis to be corrected for the sampling design or nonresponse rate. Table 1a -c summarizes demographic, anthropometric and health data for respondents in the three BMI categories. It shows that many demographic and biochemical factors differed between the BMI categories. Significant differences were seen in the underweight when compared with the other BMI categories, where two thirds of the underweight were young (P-values o0.001) and they, were more likely to be in the lowest social class (P-values o0.05), to live in the most deprived areas (P-values o0.001) and less likely to be ethnically white (P-values o0.001). Although the underweight respondents were more likely to be smokers, they were also significantly more likely to be alcohol abstainers (P-values o0.001) and physically inactive. Overall, we found little evidence that the underweight were ill. There were no significant differences in prevalence between BMI categories for most of the limiting Table 1b ), although the overweight category often had the lowest prevalence or mean level, rather than the acceptable BMI category. Those variables with a non-linear relationship with BMI category include: all activities of daily living; mental illness, depression, perceived social support and GHQ caseness; selfreported or medicated respiratory illness; all measures of physical activity; and being an alcohol abstainer. Graded relationships with BMI were seen for a considerable number of variables, namely: pain; 2-week disability; all musculoskeletal complaints, self-reported endocrine disease or medication; medication to lower lipids, or for infection, gastrointestinal or genitourinary disease; being pregnant within the past year; family history of heart disease; smoking; aggregate measures of hypertension, diabetes or any cardiovascular disease; as well as the physiological measures of WHR, total and HDL cholesterol, fibrinogen, haemoglobin A1c and CRP. Table 2 shows the results from the final multivariate logistic regression model comparing the underweight with those of acceptable weight or the overweight.
Results
Compared with those of acceptable weight, those who were underweight were more likely to be under age 35, twice as likely to be an alcohol abstainer and have a smaller waist/ hip ratio (OR: 0.94; 95% CI: 0.91, 0.96) ( Table 2 ). There were considerably more differences between the underweight and the overweight (Table 2 ) study participants. Compared with the overweight, the underweight were more likely to be young adult males (OR: 0.30; 95% CI: 0.14, 0.65), have a smaller WHR, a better cholesterol profile, nearly six times more likely to be an alcohol abstainer and more likely to be a moderate (OR: 3.34; 95% CI: 0.71, 4.21) or heavy smoker (OR: 3.67; 95% CI: 1.54, 7.24) ( Table 2 ).
Discussion
When examining the explanatory variables one at a time, there appeared to be many differences between the BMI categories, but in multivariate analysis, we found very few statistically significant differences. The fewest differences were between the underweight and those of acceptable weight. There were more differences with the overweight, who were more likely to have biochemical markers of disease, whereas the underweight were more likely to smoke and be alcohol abstainers.
The most striking finding in this analysis is how few statistically significant differences were found between the 'under-' and 'acceptable weight' groups. Although small numbers of underweight respondents hampered further analyses, a post hoc power calculation showed that we have Abbreviations: CI, confidence interval; OR, odds ratio; WHR, waist-hip ratio. WHR rescaled by multiplying by 100. OR 41 indicates that the exposure is more common in the underweight than acceptable or overweight weight responders. N/A the variable was not significant in the univariate analysis for that comparison and so was not included in the multivariate model. Waist-hip ratio, total cholesterol, HDL cholesterol relates to increase in risk of being underweight per unit change in exposure variable.
490% power to be able to detect an OR greater than 2 for exposures with a moderate prevalence when comparing the BMI groups. We found no evidence of high levels of physical disease in the underweight nor did we find that they were particularly active both of which contradict the usual explanations for their increased risk of mortality (Freedman et al., 2006) . However, the underweight did have a much greater smoking prevalence as has been noted elsewhere (Jonsson et al., 2002; Groessl et al., 2004; Ali and Lindstrom, 2005) . As noted by others, the univariate analyses identified J-or U-shaped relationships between BMI and other variables were not uncommon and were concentrated in activities of daily living, respiratory disease, physical activity and mental health variables. Despite the popular association of underweight with people who have eating disorders, we found no strong support for this relationship. The only question that could conceivably be related to eating disorders, the single question that asked people whether they had teeth and mouth problems, was indeed more prevalent in the underweight. But, the age distribution (four men and five women having one aged o35, five aged 36-55 and two over age 56 years) was not in the younger groups, as one would expect with eating disorders. Further confirmation of this lack of a relationship, in a dataset with a larger group of underweight participants, should be conducted before the relationship is rejected. In contrast, the high prevalence of mental illness in the underweight as compared with the other BMI categories did not persist in the multivariate models. However, earlier reports of greater depression in the underweight (Kress et al., 2006) and further investigation with datasets that contain better mental health measures is also warranted. We acknowledge that the use of just BMI to classify people as underweight is a limitation, and while there are other measures of body composition, underweight is currently only defined by BMI. Central obesity (as measured using waist circumference) is also known to be an independent risk factor for morbidity; however, only one underweight person had a waist circumference greater than the recommended cutoff; therefore, we could not use this measure as an explanatory or outcome measure in analysis. The lack of evidence, from this dataset, that the underweight were physically ill or disabled is interesting. Indeed, we found that their cardiovascular disease risk factor profile, except for smoking rates and activity levels, was the best of all the BMI categories. Other than these health behaviours what might account for the increased mortality in the underweight? This study did not identify high rates of cancer or heart disease. It would be particularly useful to identify what the underweight die from and whether other medical conditions are more prevalent in the underweight group than in other BMI categories.
An important limitation of this study is that the data are cross-sectional; however, cross-sectional data such as these are almost always used to estimate the effects of BMI on morbidity and mortality, so we have no reason to think that our results are unusual. Second, the data are derived from a community study and therefore exclude respondents living in institutional care settings who may be at increased risk of under-nutrition as a result of immobility leading to poor appetite and reduced food intake (Schmid et al., 2003) . Reidpath et al. (2002) have shown that the underweight are more likely to be hospitalized or have outpatient visits and are less likely to engage in regular screening, and we did find that the underweight were less likely to permit a blood sample to be collected. Others have shown that underweight women over the age of 65 have poorer scores on most domains of a health-related quality of life scale (Yan et al., 2004) . But considerable work has shown that quality of life scales are driven as much by physical as mental health so this study may not deviate substantially from these findings. Finally, the survey data did not allow for the analyses to be adjusted for the sampling design or non-response rate. Typically, without this adjustment, the standard errors from the analysis are underestimated. To attempt to allow for this, we estimated standard errors from out logistic regression analyses using robust standard errors.
In conclusion, this study did not find strong evidence that the underweight are physically ill. We did find that they smoke more and more heavily, and are more likely to report being alcohol abstainers. In addition, compared with the obese participants, they are much more likely to report having a mental illness. Because of the small numbers of underweight in this survey (1.6%) and the poor mental health measures in this survey, these results should be confirmed in other larger datasets that provide more complete data on physiological disease markers and mental health measures.
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